Objective: The ratio of the total energy intake (TEI) reported by men and women in the same dietary survey varies considerably among dietary surveys. The purpose of our study was to investigate the potential value of the sex ratio of TEI as a measure of misreporting dietary intake by comparing it with the sex ratio of biomarkers such as the 24 h urinary excretion of sodium, potassium and total nitrogen. Methods: The sex ratio (maf) of TEI in adults was calculated from 81 dietary surveys performed in 28 countries. The surveys were conducted in healthy and free-living populations, using the same methodology in both sexes. Results: A mean sex ratio of 1.35 (s.d., 0.13) and 1.33 (s.d., 0.10) was obtained at the individual survey level and at the country level, respectively. The sex ratio of 1.40 in the younger age class ( 60a64 y) was signi®cantly higher than the sex ratio of 1.27 in the older age class ( b 60a64 y) (P`0.0001). The dietary assessment methodology also in¯uenced the sex ratio (P 0.03). Compared with the INTERSALT study, the sex ratio of TEI was higher than the sex ratios of the 24 h urinary sodium (1.23), potassium (1.20) and total nitrogen (1.25), biomarkers of dietary sodium, potassium and protein intake. Therefore the dietary survey data indicate a mean TEI of 10 476 kJad for men and 7784 kJad for women, which gives a mean sex difference of 2692 kJad. However if the biomarker sex ratio of 1.23, mean sex ratio of the 24 h urinary sodium, potassium and total nitrogen, is correct and the TEI of men is correctly assessed at 10 476 kJad, the TEI of women should be 8517 kJad, a difference of only 1959 kJad. Conclusions: Calculated from dietary surveys, the mean sex ratio of TEI is 1.35. This sex ratio decreases with age and depends on the dietary assessment methods used. In many dietary surveys, the sex ratio of TEI is likely overestimated. Sponsorship: Unilever Chair on Nutrition and Health, Catholic University of Leuven, Belgium. Descriptors: sex ratio; total energy intake; age; dietary assessment methods; 24 h urinary excretion of sodium, potassium and total nitrogen; underreporting
Introduction
Total energy intake (TEI) and basal metabolic rate are higher in men than in women. The magnitude of the sex difference in TEI varies considerably among individual surveys (see references under the heading: references concerning dietary surveys, n 64). The determination of the sex ratio (maf) of TEI may contribute to the validation of dietary surveys by comparing the sex ratio of TEI in a given dietary survey with the mean sex ratio of TEI calculated from the data of dietary surveys worldwide. However, the sex ratio of TEI and the factors in¯uencing this ratio have not been systematically investigated until now. Therefore, the present study was undertaken to address this issue using the data obtained from 81 dietary surveys performed in 28 countries (see references under the heading: references concerning dietary surveys, n 64).
The 24 h urinary excretion of sodium and potassium is an indirect but objective biomarker of their dietary intake (Kesteloot & Joossens, 1990a) . The 24 h urinary excretion of total nitrogen is a biomarker of dietary protein intake (Kesteloot & Joossens, 1993; Stamler et al, 1996) . In order to clarify whether the sex ratio of TEI obtained from the dietary surveys was a real re¯ection of the sex ratio of habitual dietary intake, we also compared the sex ratio of TEI with the sex ratios of the 24 h urinary excretion of sodium, potassium and total nitrogen derived from the data of an International Co-operative Study of Electrolyte Excretion and Blood Pressure (The INTERSALT Study) (INTERSALT co-operative research group, 1989)
Methods
The data of the individual dietary surveys used in the present study were obtained after an extensive search of the literature. The period of time searched ranged from 1966 ± 1998. The inclusion criteria were met by 81 dietary surveys from 28 countries (see references under the heading: references concerning dietary surveys, n 64). All the dietary surveys eligible for entry had to be performed in both sexes from a normal and free-living population which was considered representative of the whole target population. In addition, they had to be carried out in the same age range, within the same time frame and using the same methodology for both sexes. For the calculation of the country-speci®c sex ratio of TEI, the surveys that were undertaken in a minority population of a given country were thought to be inappropriate for the analysis. For this reason, the data from the Navajo Health and Nutrition Survey, a survey conducted in an American Indian tribe (Ballew et al., 1997) , were excluded from the data set. The dietary surveys performed at the baseline phase of prospective and intervention studies and in the control subjects of case-control studies were also included in the analysis, provided that the subjects were chosen from a healthy population. The analysis was con®ned to subjects aged 15 y and over.
Age-speci®c data on the 24 h urinary excretion of sodium and potassium (mmola24 h) and total nitrogen (ga24 h) from 5045 men and 5034 women aged 20 ± 59 y in 52 centers from 32 countries were obtained from the INTERSALT Study (INTERSALT co-operative research group, 1989). Sixteen countries were available for comparison between the present study and the INTERSALT Study: Belgium, Canada, China, Denmark, Finland, Germany, Hungary, India, Italy, Japan, the Netherlands, Poland, Portugal, Spain, United Kingdom and United States.
The sex ratio of TEI was calculated at the individual survey level and at the country level. The mean TEI was used for computing its sex ratio in all analyses, with the exception of one survey in Canterbury and Otago of New Zealand 45 and one survey in the western areas of Germany. 25 In these two surveys, the median value of TEI was reported. When TEI was not given for the total number of men and women but was available according to age class or occupation or social status, etc. in a given survey, overall TEI of men and women was obtained by weighting the number of the participants in each of the given categories. Then, the sex ratio of TEI in that survey was calculated using the weighted mean values. For the computation of the country-speci®c sex ratio of TEI, if more than one survey in a given country was available, overall TEI of men and women was obtained after weighting each survey by the square root of the number of its participants. Similarly, the sex ratio of overall TEI in that country was calculated from the weighted mean values. This weighting favors small studies presumably more carefully performed which therefore contribute more to the overall sex ratio of TEI (Sasaki et al., 1993) .
The impact of age on the sex ratio of TEI was examined in two ways. Firstly, the sex ratio of TEI was compared between the surveys with a mean age or age range of their participants 60 or 64 y and those b 60 or 64 y. Whether the cutoff point is 60 or 64 y depends on the availability of the data. The surveys that cannot be assigned to either the 60a64 y group or the b 60a64 year group were de®ned as unable to split' group. Of the 81 surveys examined, 13 surveys 33, 16, 24, 25, 8, 9, 64, 56, 41, 63, 10, 13, 34 could be split into two sub-surveys by the above-de®ned cutoff point of age. Each of these two sub-surveys was then treated as a single survey in parts of the analysis. Secondly, of the 81 surveys obtained, 9 surveys 33, 24, 25, 8, 64, 56, 41, 10, 13 presented the data of TEI in ®ve or more age classes. This enabled us to perform a univariate analysis between the mean age of an age class and its corresponding sex ratio of TEI. In the linear regression analysis, the sex ratio of TEI was taken as dependent variable.
To explore whether dietary assessment methods in¯u-ence the calculated sex ratio of TEI, we compared the sex ratio of TEI in four groups, that is, dietary record (including some surveys using weighing), dietary history, 24 h dietary recall and others (including food frequency questionnaire, mixed and unknown methods).
To observe whether the sex ratios of the 24 h urinary cation and total nitrogen excretion also decrease with age, we performed the Pearson correlation analysis between the mean age of an age class and its corresponding sex ratios of the 24 h urinary excretion of sodium, potassium and total nitrogen in all 52 centers of the 32 countries of the INTERSALT Study. To test the difference between the sex ratios of TEI and of the urinary biomarkers, we compared the sex ratio of TEI in the age class of 60a64 y with the sex ratios of the 24 h urinary excretion of sodium, potassium and total nitrogen obtained in the age range of 20 ± 59 y in 13 of the 16 countries available for comparison. Because there was only a slight inequality in the number of participants between all 52 centers, the 24 h urinary excretion of sodium, potassium and total nitrogen in a country with more than one center was calculated by taking the mean of individual centers in that country. The sex ratios of the 24 h urinary excretion of sodium, potassium and total nitrogen were thus computed using the mean values.
The General Linear Models (GLM) procedure for unbalanced analysis of variance was used to compare multiple means. If an overall signi®cant difference among the means was established, pairwise comparisons were made. The results of pairwise comparisons were corrected by Bonferroni correction. The paired t-test was used to examine the difference between the sex ratios of TEI in the age class of 60a64 y and of the urinary excretion of sodium, potassium and total nitrogen. All statistical analyses were performed using the SAS version 6.11 package (SAS Institute Inc., 1988), with signi®cance level set at P`0.05 (two-sided) for all tests.
Results
The basic characteristics, TEI and its calculated sex ratio of individual dietary surveys worldwide are given in Table 1 . Mean TEI was 10 476 kJad (s.d., 1546) in men and 7784 kJad (s.d., 1,124) in women. The mean sex difference in caloric intake amounted to 2692 kJad (s.d., 984). A signi®cant positive correlation exists between TEIs in men and women (r 0.77, P`0.0001). A wide variation of TEI in men and women and its sex ratio was found among the 81 surveys evaluated. The ratio of the highest to the lowest TEI was 2.06 in men and 1.87 in women, while the ratio of the highest to the lowest sex ratio of TEI was 1.55. The mean of the sex ratios of TEI was 1.35, with a s.d. of 0.13. TEI and its sex ratio in the countries examined are given in Table 2 . The mean sex ratio of TEI at the country level (1.33) is approximate to that at the individual survey level (1.35), but as expected, the degree of dispersion for the distribution of the sex ratio, as evidenced by s.d. (0.10) and the ratio of the highest to the lowest sex ratio of TEI (1.39), was smaller in the former than in the latter.
The sex ratio of TEI in the younger age class ( 60a64 y) was signi®cantly higher than that in the older age class ( b 60a64 y) (P`0.0001) ( Table 3 ). An inverse correlation exists between the mean age of an age class and its corresponding sex ratio of TEI in all nine dietary surveys examined, and the correlation was signi®cant in four surveys (Table 4 ). Table 5 shows that the sex ratio of TEI varies with the dietary assessment methods used.
Sex ratio of total energy intake J Zhang et al Table 6 displays that an inverse but insigni®cant correlation exists between the mean age of an age class and its corresponding sex ratios of the 24 h urinary excretion of sodium ( n 4, r 7 0.52), potassium (n 4, r 7 0.77) and total nitrogen (n 4, r 7 0.78). The sex ratio of TEI in the age class of 60a64 y was signi®cantly higher than the sex ratios of the 24 h urinary excretion of sodium, potassium and total nitrogen (all P`0.02) ( Table 7 ). The sex ratios of TEI and of the 24 h urinary excretion of sodium, potassium and total nitrogen were compared in the 16 countries with data available for comparison. The univariate correlations between the sex ratio of TEI and the sex ratios of the three urinary biomarkers were not signi®cant (Table 8) .
Discussion
The accurate assessment of habitual dietary intake in the populations studied is the primary requirement for any investigations on the relation between diet and disease. Few reference parameters, however, exist against which the results of dietary surveys can be evaluated. For example the sex ratio of TEI has not been examined adequately nor systematically. The purpose of this study is to make a comprehensive evaluation of calculated sex ratio of TEI using data obtained from as many published dietary surveys as possible.
The mean sex ratio of TEI was 1.35 (s.d., 0.13) and 1.33 (s.d., 0.10) at the individual survey level and at the country level, respectively. Under physiological conditions, the energy requirement of the human body is principally determined by body size, level of physical activity, metabolic ef®ciency, and net energy balance (Willett & Stampfer, 1986) . It is therefore reasonable to consider that the sex ratio of TEI should be greater than one. Men and women in a given population eat similar foods, live in the same environment and share the same non sex-linked genetic constitution. As a result, the intake of macronutrients, expressed as percent of total energy, is nearly identical in both sexes (Sasaki & Kesteloot, 1992) . Several other factors could in¯uence the sex ratio of TEI within and between populations. One of the major factors could be the level of physical activity of women, for example, urban vs rural populations (Kesteloot et al, 1990b) . The low sex ratio of TEI in India (1.08), Fiji (1.14) and China (1.24) may be in part attributed to the higher TEI of women relative to men, due to a higher degree of physical activity in women in these countries (Kesteloot et al, 1990b) . The extent to which the difference in the sex ratio of TEI among countries is the result of the corresponding difference in level of physical activity cannot be assessed for lack of appropriate data. Another factor could be the measurement error of dietary intake including over-and underreporting of food intake, mainly the latter. Underreporting has been considered to be one of the most serious methodological problems in dietary surveys. 38 The correlation between TEIs of men and women obtained from individual dietary surveys worldwide (n 81) was 0.77, which is lower than expected and demonstrates the existence of large differences in the sex ratio of TEI, which can be presumed to be partially due to the sex-related underreporting of TEI in these published surveys. The occurrence of underreporting tends to occur in women and in the persons who are older, overweight and less-educated. 22 (Briefel et al, 1997) . Women, especially in urban areas, are generally more conscious of their TEI, 58 due to the social pressure to remain slender. Possibly, as a consequence, women are more likely than men to underreport the intake of energyyielding nutrients, such as fats and sugars 58 (Briefel et al, 1997) . The underreporting of food intake was observed in 18.1% of men, but in up to 27.7% of women in the third National Health and Nutrition Examination Survey (NHANES III) (Briefel et al., 1997) . The underreporting was larger in NHANES I and II than in NHANES III (Briefel et al., 1997) . This may help us to explain the high sex ratio of TEI in the NHANES I (1.59), II (1.62) and III (1.46) and the whole USA (1.49). In the USA the calculated sex ratio of TEI was also higher than the sex ratio of the recommended daily allowance of TEI at a moderate activity level (1.32 for 19 ± 49 y; 1.21 for b 50 y) (Tee, 1998) . Sex difference in body weight could be related to the sex ratio of TEI. In most of the dietary surveys considered, height and weight of the studied population were not recorded. To examine this problem, we analyzed the INTERSALT data (INTERSALT co-operative research group, 1989). In the 52 centers of this study, each consisting of a random sample of 100 men and 100 women, the sex ratios of body weight (kg) and body mass index (weight (kg)aheight (m) 2 ) were 1.17 (s.d., 0.07) and 1.00 (s.d., 0.05), respectively. In the 64 counties of China (Chen et al., 1990) , the sex ratio of body weight was 1.13 (s.d., 0.04) and of body mass index 1.00 (s.d., 0.03), similar to the results obtained from INTERSALT. The sex ratio of body weight calculated from the INTERSALT data was correlated with the sex ratio of TEI obtained from the dietary surveys examined in the 16 countries available for comparison. No signi®cant correlation was found in both age`60a64 year and all-age groups (P b 0.48). This suggests that the sex ratio of body weight is not a biomarker of the sex ratio of TEI. However, caution should be exerted in interpreting this ®nding as it concerns different population samples. Limited food availability could lead to a different allocation between men and women, but this does not seem to have played a role in any of the studies used. Cigarette smoking may result in a leaner body weight 38 and the difference in smoking habits among the studies could play a role, and so could a difference in the amount of alcohol intake. Sex differences could also exist in the constituents of the nutrients consumed, but this could not be evaluated in the present study. The relative importance of these different factors should be established by further studies.
The sex ratio of TEI signi®cantly decreases with advancing age. We observed an inverse correlation between the mean age of an age class and its corresponding sex ratio of TEI in all nine dietary surveys suitable for this analysis ( Table 4 ). The Pearson correlation coef®cients in ®ve surveys were not signi®cant, which may be related to the small number of age classes of these surveys (n 5 ± 7). The inverse relation of age to the sex ratio of TEI was further enhanced by the ®nding that the sex ratio of TEI was higher in the younger age class ( 60a64 y) than in the older age class ( b 60a64 y) (P`0.0001). Men and women in the same country share a similar pattern of dietary intake throughout life, but TEI is higher in men than in women in each age class 13 (Kesteloot, 1989) . TEI peaked at 16 ± 29 y for both sexes. It is in this age range that the sex difference in TEI reaches its maximum, and then declines with advancing age. 13 Dietary assessment methods have a signi®cant impact on the sex ratio of TEI. It is evident from Table 5 
that dietary
Sex ratio of total energy intake J Zhang et al Sex ratio of total energy intake J Zhang et al Two values of total energy intake were given for two respective assessment methods, and the mean of the two methods was used for the analysis. Median value for total energy intake was reported.
e The subjects surveyed were volunteers.
Sex ratio of total energy intake J Zhang et al record and dietary history were the most frequently used methods for evaluating habitual dietary intake of populations worldwide, accounting for 33% and 27% of all 81 surveys examined, respectively. An overall signi®cant difference in the sex ratio of TEI exists among all the dietary survey methods compared (P 0.03). The mean sex ratio of TEI in the surveys using a 24 h dietary recall method was signi®cantly higher than that in the surveys that applied a dietary history method (P 0.003). The reasons for this difference, however, remain unexplained. Dietary surveys are dif®cult to standardize. Accuracy on the one hand, and representatives on the other hand, often put dietitians in a dilemma when choosing a dietary assessment method for a proposed dietary survey (Block, 1982) . It has been reported that the dietary history measured higher mean values for all 13 nutrients calculated than both the 7 d and 30 d dietary records (Jain et al, 1980) .
Of all dietary survey methods compared, the sex ratio of TEI in the surveys using the dietary history method (1.30) was the closest to the sex ratio of the 24 h urinary excretion of sodium (1.23), potassium (1.20) and total nitrogen (1.25) . Looking at all the surveys evaluated, it becomes clear that there is a great need for a more standardized approach for the evaluation of TEI. A signi®cant positive correlation has been established between dietary intake and the 24 h urinary excretion of sodium, potassium, calcium and magnesium (Kesteloot & The cutoff point is either 60 or 64 years depending on the availability of the data. b The total number of surveys is larger than that in tables 1 and 2 because 13 surveys allow to be split. c An overall signi®cant difference exists among the three groups compared (P`0.0001). Only the difference between age classes of 60a64 y and b 60a64 y is signi®cant (P`0.0001). Table 1 .
Sex ratio of total energy intake J Zhang et al Joossens, 1990a). Sodium and potassium intakes are generally associated with food consumption, which indicates that the sex ratios of these dietary cations or their biomarkers, the 24 h urinary excretion of sodium and potassium, may indirectly re¯ect the sex ratio of TEI. The sex ratios of the 24 h urinary excretion of sodium and potassium are almost identical (1.23 and 1.20, respectively). The sex ratio of TEI correlated positively with the sex ratio of the 24 h urinary excretion of sodium (r 0.41, P b 0.05) in the 16 countries available for comparison. The calculated sex ratios of TEI in the present study were higher than the sex ratios of the 24 h urinary excretion of sodium and potassium in the INTERSALT Study, three Belgian studies, one Korean study and one Chinese study (Kesteloot et al, 1990b) . This difference was con®rmed in a healthy Japanese population in which the sex ratio of TEI and the sex ratio of the 24 h urinary excretion of sodium were 1.29 and 1.13, respectively. 28 The mean sex ratio of TEI (1.40) in the 60a64 y group of the dietary surveys evaluated was also higher than the sex ratio of the 24 h urinary excretion of total nitrogen (1.25), a biomarker of dietary protein intake, as obtained from the INTERSALT study with the subjects aged 20 ± 59 y (Stamler et al, 1996) . Because the measurement of the 24 h urinary excretion of cations and total nitrogen was not in¯uenced by the subjective factors inherent in dietary surveys, it seems plausible to postulate ). An inverse but insigni®cant correlation exists between the mean age of an age class and its corresponding sex ratios of 24 h urinary excretion of sodium, potassium and total nitrogen. The cutoff point was either 60 or 64 y depending on the availability of the data. d Of 16 countries with data available for comparison, three countries (Canada, Portugal and Spain) had no dietary surveys which can be split into 60a64 y and b 60a64 y, or were performed in the age class of 60a64 y.
e P value for the difference between the sex ratios of total energy intake in the age class of 60a64 y and of urinary excretion of sodium, potassium and total nitrogen. a The Pearson correlations between the sex ratios of urinary sodium, potassium and total nitrogen were signi®cant (all P`0.01). The correlations between the sex ratio of total energy intake and the sex ratios of the three urinary biomarkers were not signi®cant. b Data obtained from the present study. c Data obtained from the INTERSALT study.
Sex ratio of total energy intake J Zhang et al that the sex ratio of TEI is likely overestimated in most dietary surveys evaluated, presumably due in part to the sex difference in the degree of underreporting and recall bias. However, it is necessary to point out that the survey areas in the present study and the INTERSALT Study are not entirely coincident even in the 16 countries available for comparison, and that in the INTERSALT Study only 10 079 individuals were involved. Several other limitations in the present study should be considered. Although we made an extensive search of the literature, some dietary surveys may still not be included in our analysis. The distribution of 81 dietary surveys obtained is rather uneven among 28 countries examined. There were 14 dietary surveys available from the USA, but only one from 10 countries, such as India, Sweden, Canada, etc. From this standpoint, the sex ratio of TEI obtained from the countries with only one survey available may not be applicable to the whole population. The sample size of some surveys is small, which indicates that these surveys may poorly represent the population from which the study participants were recruited. However, our analysis showed that there was no signi®cant difference in the sex ratio of TEI between the surveys with sample size`100 (either men or women) (n 18, mean 1.36, s.d. 0.15) and 100 (n 63, mean 1.35, s.d. 0.13). Finally, the difference in the sex ratio of TEI among the countries studied should be interpreted with caution, because the mean age or age range of the populations surveyed in 28 countries was far from uniform. In spite of these limitations, it should be emphasized that the results of this study are based on the data of 87 240 men and 99 332 women in 81 individual surveys from 28 countries. This may reinforce the representative power and importance of our ®ndings.
The mean sex ratio of TEI calculated from dietary surveys worldwide can serve as a parameter of quality control of a dietary survey by demonstrating how far its value deviates from the mean. A deviating value should incite to caution with regard to the reliability of the results obtained in a given study. It could also provide a possibility to estimate age-and sex-speci®c TEI when only a global intake level is available, for example the food consumption data published by the Food and Agriculture Organization and data obtained from household surveys.
Conclusions
The present study reports the sex ratio of TEI and its s.d. at the individual survey level and at the country level. On a global scale, men had a 35% higher calculated TEI than women, which is equivalent to 2692 kJad. According to the mean sex ratio of urinary biomarkers, the real difference of TEI would be 23%, amounting to a differential TEI of only 1959 kJad. Age and the dietary assessment methods have a signi®cant in¯uence on the calculated sex ratio of TEI. Knowing this sex ratio of TEI contributes to the validation of dietary surveys. The comparison of the sex ratio of TEI with the sex ratios of the 24 h urinary excretion of sodium, potassium and total nitrogen which are not subject to overor underreporting shows that the former is likely overestimated in most dietary surveys. More studies on the sex ratio of TEI and its determinants are warranted.
